


46

C L
AU

DI
O 

VE
LA

SQ
UE

Z/
NA

TU
RE

PL
.C

OM



47

42 10
16 16

5
Margolius and Salafsky 1998 1 2

1
2
3
4
5http://effectiveMPA.2.gov/guidebook/

background.html

10



48

a
b

11

B1 B2

B1 B4

B1 B4 B7

B2 B5

B1 B2 B3 B4 B5

B1 B3

B4 B6

B10 B1-B8 S3 S1 S5 S10 G1 G4

G14

B10 B7

B9 B10

S2 S3 S6 S9 S10 S13 S14

S8 S11

G 2 G 3 G 6 G 7 G 9 G 1 4 G 1 5

G16

NO
AA

 P
HO

TO
 L I

BR
AR

Y



49

 

6
B1 B2 B3 B4 B6 B8

4 B5 B7 B9
B10

10
3 6

B1 B6
B1 B2

B3 B6
B5

B6

B6
B6 B6

B1 B2 B3

B7

B7

B8

B9 B10

B6 B9

8



50

 11
2002 2003

WWF

W
W

F-C
ANON /EDW

ARD P
ARKER

C

a

b

Bell, J.D., Craik, G.J.S., Pollard, D.A. and
Russell, B.C. 1985 . "Estimating length frequency
distribution of large reef fish underwater". Coral Reefs
4: 41-44.

Clarke, K.R. and Warwick, R.M. 2001 .
Change in marine communities: An Approach to Sta-
tistical Analysis and Interpretation. 2nd edition.
Primer-E, Plymouth, UK.

Dartnall, H.J. and Jones, M. 1986 . A manual
of survey methods of living resources in coastal areas.
ASEAN-Australia Cooperative Programme on Ma-
rine Science Hand Book. Australian Institute of Ma-
rine Science, Townsville, Queensland, Australia.

Done, T.J. and Reichelt, R.E. 1998 . "Inte-
grated coastal zone and fisheries ecosystem



51

management: generic goals and performance indices".
Ecological Applications 8 supplement : 110-118.

Elliot, J.M. 1977 . "Some methods for statisti-
cal analysis of benthic invertebrates". Freshw. Biol.
Assoc. Sci. Publ., U.K 25: 1-156.

English, S., Wilkinson, C. and Baker, V. eds.
1997 . Survey Manual for Tropical Marine

Resources. 2nd Edition. Australian Institute for 5Ma-
rine Science, Townsville, Queensland, Australia.

Grumbine, R.E. 1994 . "What is Ecosystem
Management?" Conservation Biology 8 1 : 2738.

Hilborn, R. and Walters, C.J. 1992 . Quan-
titative Fisheries Stock Assessment: Choice,
dynamics, and uncertainty. Chapman and Hall, New
York, NY, USA.

Lackey, R.T. 1995 ."Ecosystem Management:
Implications for Fisheries Management." Renewable
Resources Journal 13 4 : 11-13.

Ludwig, D., Hilborn, R. and Walters, C.J. 1993 .
"Uncertainty, resource exploitation, and conservation:
lessons from history". Science 260: 17-18.

Odum, E.P. 1971 . Fundamentals of ecology.
W.B. Saunders Co., Philadelphia, PA, USA.

Sale, P.F. 2002 . "The science we need to
develop for more effective management". In Sale, P.
F. ed. , Coral Reef Fishes: Dynamics and diversity
in a complex ecosystem. Academic Press, San Diego,
USA. pp. 361-376.

Tupper, M. 2002 . "Marine reserves and fish-
eries management". Science 295: 1233 51

C
HRIS G

OMERSALL/NATUREPL.COM

NO
AA

 P
HO

TO
 LI

BR
AR

Y



52



53



54

B R
AN

DO
N 

CO
LE

/N
AT

UR
EP

L.C
OM



55

B1

B1

 

B4

NOAA
 P

HOTO LIBRARY

3



56

 

a

b

c



57

a

b

15
10

c

d

 , 

BRANDON C
OLE/NATUREPL.COM

B2

10 1

B4 B8



58

 

NO
AA

 P
HO

TO
 L I

BR
AR

Y

y x

t-

 

x
y

B2 B2



59

e

f

Noss, R. F. 1990 . "Indicators for monitor-
ing biodiversity: a hierarchical approach". Conser-
vation Biology 4 4 : 355-364.

Bell, J.D., Craik, G.J.S., Pollard, D.A. and
Russell, B.C. 1985 . "Estimating length fre-
quency distributions of large reef fish underwater".
Coral Reefs 4: 41-44.

Dartnall, H.J. and Jones, M. 1986 . A
manual of survey methods of living resources in
coastal areas. ASEAN-Australia Cooperative
Programme on Marine Science Hand Book. Aus-
tralian Institute of Marine Science,

Townsville, Queensland, Australia.

/

a

b

c

d



60

English, S., Wilkinson, C. and Baker, V. eds.
1997 . Survey Manual for Tropical Marine

Resources. 2nd Edition. Australian Institute for
Marine Science, Townsville, Queensland, Australia.

Gunderson, D.R. 1993 . Surveys of Fish-
ery Resources. John Wiley and Sons, Inc., New
York, NY, USA.

Mapstone, B.D. and Ayling, A.M. 1993 . An
Investigation of optimum methods and unit sizes
for the visual estimation of abundances of some
coral reef organisms: A report to the Great Barrier
Reef Marine Park Authority. Great Barrier Reef
Marine Park Authority, Townsville, Queensland,
Australia.

Mapstone, B.D., Ayling, A.M. and Choat, J.
H. 1999 . A Visual Survey of Demersal Biota in
the Cairns Section of the Great Barrier Reef Ma-
rine Park: A Report to the Great Barrier Reef Ma-
rine Park Authority. Research Publication No. 60.
Great Barrier Reef Marine Park Authority,
Townsville, Queensland, Australia.

MPA MEI website: useful discussion thread
between Tupper and Ellis regarding the appropri-
ate sampling and design for in situ observation
methods of focal species. [URL :
effectiveMPA.noaa.gov]

Samoilys, M. ed.  1997 . Manual for
Assessing Fish Stocks on Pacific Coral Reefs.
Training Series QE9700. Department of Primary
Industries, Queensland, Australia.

Thompson, A.A. and Mapstone, B.D. 1997 .
"Observer effects and training in underwater vi-
sual surveys of reef fishes". Marine Ecology Press
Series 154: 53-63.

McKenna, Sheila A., Allen, Gerald R. and
Suryadi, Suer eds.  2002 . "A Marine Rapid
Assessment of the Raja Ampat Islands, Papua
Province, Indonesia". RAP Bulletin of Biological
Assessment 22. Center for Applied Biodiversity
Science, Conservation International, Washington,
DC, USA.

The Atlantic and Gulf Rapid Reef Assessment
AGRRA  Program. [URL : www.cep.

nep.org/programmes/spaw/icri/aggra.htm]

Donaldson, T.J. 2000 . Testing the effec-
tiveness of MPAs and other reef fish management
strategies using agent-based models. Proposal to
the United States National Oceanographic and At-
mospheric Administration. Unpublished report.
University of Guam Marine Laboratory. Mangilao,
Guam. [Online at http://www. uog.edu/marinelab/
mpa/abm.pdf]

B2

2

2

10

W
W

F-
F U

SS
IA

/F
AR

 E
AS

TE
RN

 M
AR

IN
E 

R E
SE

RV
E



61

B1

4

a

b

B1 B2



62

B1

a

b

c

B1

- -

- -

 

- - CMR

JOHN PARKS



63

a

b

c

d

1 2

B1

NOAA
 P

HOTO LIBRARY

 

B1

10 0.5
1

y x

B5



64

 

t-

/

NOAA
 P

HOTO LIBRARY



65

B1

a b
c

Bell, J. D., Craik, G.J.S., Pollard, D.A. and
Russell, B.C. 1985 . "Estimating length fre-
quency distributions of large reef fish underwater".
Coral Reefs 4: 41-44.

English, S., Wilkinson, C. and Baker, V.
eds  1997 . Survey Manual for Tropical Ma-

rine Resources. 2nd Edition. Australian Institute for
Marine Science, Townsville, Queensland, Australia.

Munro, J.L. and Pauly, D. 1983 . "A simple
method for comparing the growth of fishes and
invertebrates". ICLARM Fishbyte 1 1 : 5-6.

B3

 



66

Choat, J.H. and Axe, L.M. 1996 . "Growth and
longevity in acanthurid fishes; an analysis of otolith
increments". Mar. Ecol. Prog. Ser. 134: 15-26.

Ferreira, B.P. and Russ, G.R. 1994 . "Age
validation and estimation of the growth rate of the
coral trout, Plectropomous leopardus Lacepede
1802  from Lizard Island, Northern Great Barrier
Reef". Fish. Bull. U.S. 92: 46-57.

Fournier, D. and Archibald, C.P. 1982 .
"A general theory for analyzing catch at age data".
Can. J. Fish. Aquat. Sci. 39: 1195-1207.

Fowler, A.J. 1990 . "Validation of annual
growth increments in the otoliths of a small tropi-
cal coral reef fish". Marine Ecology Progress Se-
ries 64: 25-38.

Hilborn, R. 1990 . "Estimating the param-

eters of full age-structured models from catch and
abundance data". Bull. Int. North Pac. Fish.
Comm. 50: 207-213.

Tawake, A., Parks, J., Radikedike, P.,
Aalbersberg, B., Vuki, V. and Salafsky, N.
2002 . "Harvesting clams and data: involving lo-

cal communities in monitoring - a Case in Fiji".
Conservation in Practice 2 4 : 32-35.

Sale, P.F., Doherty, P.J., Eckert, G.J., Douglas,
W.A. and Ferrell, D.J. 1984 . "Large scale spa-
tial and temporal variation in recruitment to fish
populations on coral reefs". Oecologia Berlin
64: 191-198.

NO
AA

 P
HO

TO
 L I

BR
AR

Y



67

 

1 2

5

 

a d
b e
c f



68

5
B1

4
5 20%~30%

 

J U
RG

EN
 FR

EU
ND

/N
AT

UR
EP

L.C
OM

NO
AA

 P
HO

TO
 L I

BR
AR

Y



69

3   
 

B1 B2

B8

/

B1 B2 B4 B5

 

NOAA
 P

HOTO LIBRARY

3



70

 

B10

BRANDON C
OLE/NATUREPL.COM



71

2 3
1 5

B1

C
W

W
F-CANON /JURGEN FREUND

 



72

B10

B1



73

a

b

100

B1

2



74

CSIRO 1998 . Reef Resource Survey and
Habitat Mapping of Shallow Reefs in Milne Bay
Province, Papua New Guinea. ACIAR Phase 1
Proposal. Submission by the CSIRO Marine Re-
search to the ACIAR, Canberra, Australia.

Done, T.J. 1982 . "Patterns in the distri-
bution of coral communities across the central Great
Barrier Reef". Coral Reefs 1: 95-107.

Done, T.J. 1995 . "Ecological criteria for
evaluating coral reefs and their implications for
managers and researchers." Coral Reefs 14: 183-
92.

Fonseca, M.S., Kenworthy, W.J. and Thayer,
G.W. 1998 . Guidelines for the conservation and
restoration of seagrasses in the United States and
adjacent waters. NOAA Coastal Ocean Program
Decision Analysis Series No. 12. NOAA Coastal
Ocean Office, Silver Spring, MD, USA.

Mapstone, B.D., Ayling, A.M. and Choat, J.
H. 1998 . Habitat, Cross Shelf, and Regional
Patterns in the Distributions and Abundances of
Some Coral Reef Organisms on the Northern Great
Barrier Reef, with Comment on the Implications
for Future Monitoring. Research Publication No.
48. Great Barrier Reef Marine Park Authority,
Townsville, Queensland, Australia.

NOAA and Analytic Laboratories of Hawaii
2000 . Benthic Habitat Mapping Program Partnership.

[URL : cramp.wcc.hawaii.edu/Overview/5.
_Cooperative_ProgramsNOAAALH_Benthic_
Habitat_Mapping_Program/Default.asp]

Tupper, M. and Boutilier, R.G. 1997 . "Ef-
fects of habitat on settlement, growth, predation
risk, and post-settlement mortality of a temperate
reef fish". Marine Ecology Progress Series 151:
225-236.

Karr, J.R. 1981 . "Assessment of biotic
integrity using fish communities". Fisheries 6 6 :
21-27.

Karr J.R., Fausch, K.D., Angermeirer, P.L.,
Yant, P.R. and Schlosser, I.J. 1986 . "Assess-
ment of biological integrity in running waters: A -
menthol and it's rationale". Illinois Nat. Hist. Surv.
Spec. Publ. 5.

United States Environmental Protection
Agency 2002 . "A brief history of the Index of
Biotic Integrity". [URL : www.epa.gov/
bioindicators/html/ibi-hist.html]

Convis, C.L. ed. 2001 . Conservation
Geography: Case Studies in GIS, Computer Mapping,
and Activism. Environmental Systems Research
Institute ESRI  Press. Redlands, CA, USA.

Ripple, W. ed. 1994 . The GIS Applica-
tions Book: Examples in Natural Resources. A



75

Compendium. American Society for Photogram-
metry and Remote Sensing, Bethesda, MD, USA.

USGS 2002 . Geographic Information
Systems. [URL : www.usgs.gov/re-
search/gis/ title.html]

Green, E.P., Mumby, P.J., Edwards, A.J. and
Clark, C.D. 2000 . Remote Sensing Handbook

for Tropical Coastal Management. Coastal Man-
agement Sourcebooks 3. UNESCO, Paris, France.
[URL  : http://www.unesco.org/csi/pub/
source/rs.htm]

Green, E.P., Mumby, P.J., Edwards, A.J. and
Clark, C.D. 1996 . "A review of remote sensing
for the assessment and management of tropical
coastal resources". Coastal Management 24: 1-40.

 

B4

20 90

1998

1999

2002

90

 1997 2002 6

C
W

W
F-

C A
NO

N/
J U

RG
EN

 F
RE

UN
D



76

4

2 3

B1 B2 B3

B1 B2

B1 B2 B3

a
b

c
4



77

B1 B2

B1 B3

B1 B2

TONI P
ARRAS

 ,



78

B3

B1 B2

B3

2 3 1
1

 

x
y

B6

B10



79

t- Sh-
annon Magurran 1988

Morista-Horn

Magurran 1988

Schoener 1968

P E
TE

R 
SC

OO
NE

S/
NA

TU
RE

PL
.C

OM

 
3

1 2



80

B1 B2

5 10 2 3

B5

110

T O
NI

 P
AR

RA
S



81

Done, T.J., Ogden, J.C., Wiebe, W.J., Rosen,
B.R. 1996 . "Diversity and ecosystem function
of coral reefs". In H.A.Mooney, J.H. Cushman, E.
Medina, O.E. Sala, E.D. Schulze eds. , Func-
tional Roles of Biodiversity: A Global Perspective.
SCOPE 55. John Wiley & Sons, Chichester, UK.
pp. 393-423.

Green, D.G., Bradbury, R.H. and Reichelt, R.
E. 1987 . "Patterns of predictability in coral reef
community structure". Coral Reefs 6: 27-34.

Schoener, T.W. 1968. "Sizes of feeding terri-
tories among birds". Ecology 49: 123-141.

English, S., Wilkinson, C. and Baker, V. eds
1997 . Survey Manual for Tropical Marine

Resources. 2nd Edition. Australian Institute for
Marine Science, Townsville, Queensland, Australia.

Samoilys, M. ed.  1997 . Manual for
Assessing Fish Stocks on Pacific Coral Reefs.
Training Series QE9700. Department of Primary
Industries, Queensland, Australia.

Helfman, G.S. 1978 . "Patterns of com-
munity structure in fishes: summary and
overview". Env. Biol. Fish. 3: 129-148.

Sale, P.F. and Douglas, W.A. 1981 . "Pre-
cision and accuracy of visual census technique for
fish assemblages on coral patch reefs". Environ-
mental Biology of Fishes 6:333-339.

Sale, P.F. and Douglas, W.A. 1984 .
"Temporal variability in the community structure
of fish on coral patch reefs, and the relation of
community structure to reef structure". Ecology
65:409-422.

Sale, P.F. ed.  1991 . The ecology of
fishes on coral reefs. Academic Press, San Diego,
CA, USA.

10

B5( )



82

Connell, J.H. 1978 . "Diversity in tropical
rain forests and coral reefs". Science 199: 1302-
1310.

Dallmeier, F. 1996 . "Biodiversity invento-
ries and monitoring: essential elements for inte-
grating conservation principles with resource de-
velopment projects". In R.B. Szaro and D.W.
Johnston eds. , Biodiversity in Managed

Landscapes: Theory and Practice. Oxford
University Press, New York, NY, USA. pp 221-
236.

Magurran, A.E. 1988 . Ecological Diver-
sity and Its Measurement. Princeton University
Press, Princeton, NJ, USA.

Reid, W.V., McNeely, J.A., Tunstall, D.B.,
Bryant, D.A. and Winograd, M. 1993 .
Biodiversity Indicators for Policy-Makers.  The
World Resources Institute and IUCN. The World
Resources Institute, Washington, DC, USA. Moni-

toring and Assessment of Biodiversity Program
2002 . Conservation and Research Center of the

National Zoo's of the Smithsonian Institution. [URL
: www.si.edu/simab/]

Saunders, D., Margules, C. and Hill, B.
1998 . Environmental Indicators: Biodiversity.

Australia State of the Environment Indicator Report.
Environment Australia, Canberra, Australia.

Simpson, E.H. 1949 . "Measurement of
diversity". Nature 163: 688.

Szaro, R.B. and Johnston, D.W. eds.
1996 . Biodiversity in Managed Landscapes:

Theory and Practice. Oxford University Press,
New York, NY.

World Bank 1998 . Guidelines for Moni-
toring and Evaluation for Biodiversity Projects.
Environment Department Paper No. 65.

Global Environment Coordination, The World
Bank, Washington, DC, USA.

NOAA
 P

HOTO LIBRARY



83

B4

5B2

B4

B3 B4 B6

T O
NI

 P
AR

RA
S



84

B2

B2

B4

/

 

B2 B4

B4

 

a

b
c

B2



85

B1 B3

English et al  1997

T O
NI

 P
AR

RA
S

B2
B4

x
y

B2



86

4
5

Caley, M.J., Carr, M.H., Hixon, M.A., Hughs,
T.P., Jones, G.P. and Menge, B.A. 1996 . "Re-
cruitment and the local dynamics of open marine
populations". Annual Review of Ecology and Sys-
tematics 27: 477-500.

Carr, M.H. 1991 . "Habitat selection and
recruitment of an assemblage of temperate zone
reef fishes". Journal of Experimental Marine Biol-
ogy and Ecology 126: 59-76.

Doherty, P.J. 1991 . "Spatial and temporal
patterns in the recruitment of a coral reef fish". In
P.F. Sale ed. , The Ecology of Fishes on Coral
Reefs. Academic Press, San Diego, CA, USA. pp.
261-293.

Sale, P.F. 1999 . "Recruitment in space and
time". Nature 397: 25-26.

Sale, P.F., Doherty, P.J., Eckert, G.J.,
Douglas, W.A. and Ferrell, D.J. 1984 . "Large
scale spatial and temporal variation in recruitment
to fish populations on coral reefs". Oecologia
Berlin  64: 191-198.



87

Victor, B.C. 1983 . "Recruitment and popu-
lation dynamics of a coral reef fish". Science 219:
419-420.

Walters, C.J. and Collie, J.S. 1989 . "Is
research on environmental effects on recruitment
worthwhile?" Canadian Journal of fisheries and
Aquatic Sciences 45: 1848-1854.

Williams, D. McB., Russ, G. and Doherty, P.
J. 1986 . "Reef fish: large-scale distribution and
recruitment". Oceanus 29: 76-82.

English, S., Wilkinson, C. and Baker, V.
eds  1997 . Survey Manual for Tropical Ma-

rine Resources. 2nd Edition. Australian Institute
for Marine Science, Townsville, Queensland,
Australia.

Choat, J.H., Doherty, P.J., Kerrigan, B.A.
and Leis, J.M. 1993 . "Sampling of larvae and
pelagic stages of coral reef fishes: a comparison
of towed nets, purse seine and light-aggregation
devices". Fishery Bulletin 91: 195-201.

Doherty, P.J. 1987 . "Light-traps: selec-
tive but useful devices for quantifying the distri-
butions and abundances of larval fishes". Bulletin
of Marine Science 41: 423-431.

6

2002

4 25 2

50

3

ANOVA F

=.04, p = 0.840; 

F = 9.5, p = 0.004

50
m

2
50

m
2

40

35

30

20

25

15

5

10

0

20
18
16

12
14

10

6
8

0

4
2



88

5

JURGEN FREUND/NATUREPL.COM

 1997



89

a

b

Wiremiller 1990

B1



90

B2

/
/ /

B1 B4

/

Arias-Gonzalez, 1998

1 2 3 1.3
2.7

B1 B4 B7

JOHN PARKS



91

Lindeman, 1942; and Odum and Heald, 1975
1992

TLI
30% =1 40%

=2 30%
=3 TLI 1 0.30 +

 2 0.40  + 3 0.30  = 2

10%

10

Done and Reichelt, 1998;
Christensen and Pauly,1992

B1 B7



92

Botsford, L.W, Castilla, J.C. and Petersen, C.
H. 1997 . "The management of fisheries and ma-
rine ecosystems". Science 277 5325 : 509-515.

Christensen, V. 2003 . "Using Ecopath
with Ecosim for ecosystem based management
of fisheries". In H. J kupsstovu ed. , Work-
shop on Ecosystem Modelling of Faroese Waters,
T rshavn, September 2002, FRS 2003: 73-75.

Christensen, V. and Pauly, D. 1992 .
"ECOPATH II - A software for balancing steady-
state models and calculating network characteristics".
Ecological Modelling 61: 169-185.

Christensen, V. and Pauly, D. eds.
1993 . Trophic Models of Aquatic Ecosystems.

ICLARM Conference Proceedings 26. Interna-
tional Center for Aquatic Living Resources
Management, Manila, Philippines.

Done, T.J. and R.E. Reichelt 1998 . "Inte-
grated coastal zone and fisheries ecosystem
management: generic goals and performance indices.
" Ecological Applications 8 suppl. : 110-118.

Hutchings, J.A. 2000 . "Collapse and recov-
ery of marine fishes". Nature 406 6798 : 882-885.

Jackson, J.B.C., Kirby, M.X. et al. 2001 .
"Historical overfishing and the recent collapse of
coastal ecosystems". Science 293 5530 : 629-638.

Jennings, S., Kaiser, M.J. and Reynolds, J.D.
2001 . Marine Fisheries Ecology. Blackwell

Science, London, UK.
Lindeman, R.L. 1942 . "The trophic-dy-

namic aspect of ecology". Ecology 23: 399-418.
Myers, R. A. and Worm, B. 2003 . "Rapid

worldwide depletion of predatory fish communities".
Nature 423: 280-283.

Odum, W.E. and Heald, E.J. 1975 . "The
detritusbased food web of an estuarine mangrove
community". In L.E. Cronin ed. , Estuarine research,
Vol. 1. Academic Press, New York. pp. 265-286.

Pauly, D., Christensen, V., Gu nette, S.,
Pitcher, T.J., Sumaila, U.R., Walters, C.J., Watson,
R. and Zeller, D. 2002 . "Towards sustainability
in world fisheries". Nature 418: 689-695.

Pauly, D., Palomares, M.L., Froese, R., Sa-a,
P., Vakily, M., Preikshot, D. and Wallace, S.

2001 . "Fishing down Canadian aquatic food
webs". Canadian Journal of Fisheries and Aquatic
Sciences 58: 51-62.

Sainsbury, K. and Sumaila, U.R. 2003 .
"Incorporating ecosystem objectives into manage-
ment of sustainable marine fisheries, including 'best
practice' reference points and use of Marine Pro-
tected Areas". In M. Sinclair and G. Valdimarson

eds. , Responsible Fisheries in the Marine
Ecosystem. CAB International, UK. pp. 343-361.

Winemiller, K.O. 1990 . "Spatial and tem-
poral variation in tropical fish trophic networks".
Ecological Monographs 60 3 : 331-367.



93

B7

 

500

P A
RK

S 
C A

NA
DA



94

/

/

CPUE

B10

3

B5 B6

a

b

S1 G1

TONY ECKERSLEY



95

j /

k

l

m

B1

/

c

d

e

f

g

h

i

TONY ECKERSLEY



96

150

Polunin and Roberts 1995
Russ 1991

a

b

 

JOHN PARKS /W
W

F



97

IMA 2000

= kg /

3
1

/

B1 B6
G1 G4 G15

S1 S5 S10



98

Dulvy, N.K., Metcalfe, J.D., Glanville, J.,
Pawson, M.G. and Reynolds, J.D. 2000 . "Fish-
eries stability, local extinctions and shifts in com-
munity structure of skates". Conservation Biol-
ogy 14: 283-293.

Gulland, J.A. 1975 . Manual of Methods for
Fisheries Resources Survey and Appraisal: Part 5 -
Objectives and Basic Methods. FAO Fisheries
Technical Paper No. 145. United Nations Food and
Agriculture Organization, Rome, Italy.

Gulland, J.A. 1983 . Fish Stock Assessment:
A Manual of Basic Methods. Wiley Interscience,
Chichester, UK.

Gunderson, D.R. 1993 . Surveys of Fish-
ery Resources. John Wiley and Sons, Inc., New
York, NY, USA.

Hilborn, R. and Walters, C.J. 1992 . Quan-
titative Fisheries Stock Assessment: Choice,
dynamics, and uncertainty. Chapman and Hall, New
York, NY, USA.

Jennings, S., Kaiser, M.J. and Reynolds, J.D.
2001  Marine Fisheries Ecology. Blackwell

Science, London, UK.
Munro, J.L. and Pauly, D. 1983 . "A simple

method for comparing the growth of fishes and



99

invertebrates". ICLARM Fishbyte 1 1 : 5-6.
Pauly, D. 1978 . "Fish population dynamics

in tropical waters: a manual for use with program-
mable calculators". ICLARM Stud. Rev. 8 : 325p.

Pauly, D. 1983 . "Some simple methods
for the assessment of tropical fish stocks". FAO
Fish. Tech. Pap. 234 : 52 p.

Polunin, N.V.C. and Roberts, C.M. eds.
1996 . Reef Fisheries. Chapman and Hall,

London, UK.
Russ, G.R. 1991 . "Coral reef fisheries:

Effects and yields." In P.F. Sale ed. , The Ecol-
ogy of Fishes on Coral Reefs. Academic Press,
New York, NY. pp. 600-635.

Schnute, J.T. 1985 . "A general theory for
analysis of catch and effort data." Can. J. Fish.
Aquat. Sci. 42: 414-429.

Sparre, P. and Venema, S.C. 1992 . Intro-
duction to Tropical Fish Stock Assessment. Part
1 - Manual. FAO Fisheries Technical Paper No.
306, Rev. 1. United Nations Food and Agriculture
Organization, Rome, Italy.

B8

4

6

20 90

2000 2001 2001

2002 2002

t

1997 2001

W
W

F-C
ANON /M

ARK EDW
ARDS

C

t

90
80

70

60

50
40

30

20

10

0
1997 1998 1999 2000 2001 2002



100

3

 

TONI PARRAS

JURGEN FREUND/NATUREPL.COM



101

 

pH



102

B1 B4

PRIMER
BIOENV

2 3

B10



103

Sheehan, P.J. 1984 . "Effects on commu-
nity and ecosystem structure and dynamics". In P.
J. Sheehan, D.R. Miller, G.C. Butler, and P.
Boudreau eds. , Effects of pollutants at the
ecosystem level. John Wiley and Sons, New York,
NY, USA.

Strickland, J.D. and Parsons, T.R. 1972 .
"A practical handbook of seawater analysis". Bull.
Fish. Res. Board Can. 167: 310.

United States Geological Survey 1999 .
National Field Manual for the Collection of Water-
Quality Data: U.S. Geological Survey Techniques

B9

of Water-Resources Investigations. USGS Infor-
mation Services, Washington, DC, USA. [Online
URL: water.usgs.gov/owq/FieldManual]

United States Virgin Islands Coastal Zone
Management Program 2001 . Coastal Water
Quality Monitoring Manual: Parameters and
Techniques. Department of Planning and Natural
Resources, Division of Coastal Zone Management.
National Oceanic Atmospheric Administration,
Washington, DC, USA. [Download Online URL:

www.ocrm.nos.noaa.gov/PDF/USVI_
Monitoring_Manual.pdf]



104

60% 60%

40%

3
B1 B6 B4 B5

B9 B10
G13 G16

B9 B10



105

B1 B2

B4

B3

B6

B5

%

2 5

B1 B6
B1 B6

100%

B1 B6



106

Sousa, W.P. 1984 . "The role of distur-
bance in natural communities". Annual Review of
Ecology and Systematics 15: 53-391.

B10

 

NO
OA

 P H
OT

O 
L IB

RA
RY

JEFF FOOTT/NATUREPL.COM



107

3

a

b



108

3 a

b
c

3

a

b

B1 B7

B10

B1 B7
B10



109

TRA

TRA

TRA

1

2

3
B10



110

TRA TRA

TRA

TRA

20% 50%

1% 100%



111

TRA

Schmitt, R.J. and Osenburg, C.W. 1995 .
"Detecting ecological impacts caused by human
activities." In R.J. Schmitt and C.W.

Osenburg eds. , The Design of Ecologi-
cal Impact Assessment Studies: Conceptual Issues
and Application in Coastal Marine Habitats. Aca-
demic Press, San Diego, USA. pp. 3-16.

Underwood, A.J. 1995 . "On beyond
BACI: sampling designs that might reliably detect
environmental disturbances". In R.J. Schmitt and
C.W. Osenburg, Design of Ecological Impact As-
sessment Studies: Conceptual Issues and Appli-
cation in Coastal Marine Habitats. Academic Press,
San Diego, USA. pp. 151-178.

Warwick, R.M. 1993 . "Environmental im-

pact studies on marine communities: pragmatical
considerations". Australian Journal of Ecology 18:
63-80.

Margolius, R. and Salafsky, N. 2001 . Is
Our Project Succeeding? Using the Threat Reduc-
tion Assessment Approach to Determine Conser-
vation Impact. Biodiversity Support Program,
World Wildlife Fund, Washington, DC, USA.
[Download Online URL: www.BSPonline.org]

Salafsky, N. and Margolius, R. 1999 . "Threat
reduction assessment: A practical and costeffective
approach to evaluating conservation and develop-
ment projects". Conservation Biology 13: 830-841.

Roberts, C. and Hawkings, J. 2000 . A
Manual for Fully-Protected Areas. World Wide
Fund for Nature, Gland, Switzerland.

Tupper, M. 2001 . "Putting no-take ma-
rine reserves in perspective". MPA News 26: 2.

National Center for Ecological Analysis and
Synthesis 2001 . Scientific Consensus Statement
on Marine Reserves and Marine Protected Areas.
Annual Meeting of the American Association for the
Advancement of the Sciences, February 2001.

 

WWF

B11

822

30

4 9 6

3 10 12

WWF-CANON /MEG GAWLERC


